Dissolved organic matter (DOM) plays an important role in natural aquatic ecosystems. Fluorescence and UV absorption of chromophoric dissolved organic matter (CDOM) in the Yangtze (Changjiang River) estuary are reported in this study. Water samples were collected mainly from three sections (North Channel, the head of South Channel and the end of South Channel) of the Yangtze Estuary in March, 2006. Three-dimensional excitation emission matrix (3-DEEM) fluorescence spectrums and UV absorption at 355 nm are analyzed for those filtrates through Whatman GF/F filters. The concentrations of dissolved organic carbon (DOC) are also measured. The results showed that absorption coefficients of CDOM at 355 nm, which ranged from 16.4 m -1 to 18.3 m -1 , had significant correlations with the concentrations of DOC (2.0~3.4 mg/L) at high tide and only in bottom water at low tide. The 3DEEM fluorescence scans suggested the terrestrial fluorophores of aromatic protein (peak A: Ex=236±1 nm, Em=364±3 nm), humic acid-like (peak B: Ex=251±3 nm, Em=473±5 nm) are obvious. Another peak of humic acid-like (peak D: Ex=337±6 nm, Em=447±9 nm) is also found. Tryptophan and protein-like (peak C: Ex=282±2 nm, Em=351±5 nm) with strong peaks, which could be derived from both terrestrial and microbial origins, were detected only in South Channel. In addition, the intensities of peak C are stronger at river end member than at marine end member (here is a low salinity area). The higher fluorescence index (FI) values at river end member could be resulted by microbially derived CDOM in the Huangpu River and wastewater discharges from Shanghai. The fluorescence index suggested that the terrestrial signal became stronger at marine end member but microbial signal became weaker, which could be attributed to the mobilization of particulate organic matter (POM) in the riverine suspended sediments with the intrusion of the seawater and the suspension of the sediments. The saltwater intrusion could also increase the contents of microbial CDOM during flooding tide. Therefore, there is autochthonous production of CDOM occurring within the estuary, where chromophoric dissolved organic matter is dominated by mainly terrestrial and microbial sources.
INTRODUCTION
Dissolved organic matter (DOM) is an important chemical component in the natural water bodies 1) . Chromophoric dissolved organic matter (CDOM) is a part of DOM with obvious optical properties 2) . CDOM can reduce the harm of UV-B radiation (280~320nm) to the living-forms in the aquatic environment for its strong absorption of UV light. In addition can absorb blue light, which is superposed by chlorophyll a, and lead to a competition between primary production and CDOM 3) . Optical character determination of the water body is popular used for quality value as a simple and effective way 4) . UV-visible spectrum was used very early to the DOM research 5) , and with strong support of revise models 6, 7) , it is quite mature. For example, three-dimensional excitation emission matrix (3-DEEM) fluorescence spectrum can recognize the fluorophores of the humic acid-like, marine humic acid-like, fulvic acid-like, protein-like, as well as tyrosine-like and so on, by the obvious fluorescence peaks 8, 9, 10, 11) . By fluorescence index analysis, even the terrestrial source and biologic source can be distinguished 11, 12) . An estuary, a transition zone between the river and the sea, plays a role to the matter transport. Complicated substance dynamics is a big effect to the distribution of the substances. The dynamic information of mixing behavior 13) , the impact of the season changing 14, 15) , the tidal impact 16, 17) and so on, are comprehensively researched in the estuarine and marine environment. Estuarine bacterial metabolism is an internal source of CDOM balance 18) , with the influx of river and overland runoff as exogenous source. However, the urbanization of the estuary delta causes abundant wastewater discharging into the estuaries and the sea. The Pearl River estuary in China has more anthropogenic CDOM than nature humic substances, for example, the anthropogenic tryptophan-like fluorophore had the strongest signal among all fluorophores for the entire study region 19) ， and in the low salinity area, the CDOM in the Pearl River estuary appears being from multiple sources 20) . The Yangtze River (Changjiang) is the biggest river in China and the third largest river in the world. Lots of research programs had been conducted on nutrient elements 22, 23) , POPs 24, 25) , metals 21) and so on. However, CDOM is rarely reported.
This study aimed to identifying the multiple sources of CDOM in the Yangtze estuary by its optical characteristics, e.g. UV absorption coefficients, fluorescence index and 3DEEM of CDOM in three sections (one in North Channel, two in South Channel) in the south branch of the Yangtze River. At the same time, tidal influence is also taken into account.
MATERIALS AND METHODS (1) Study Area and Field work
As a main branch of the Yangtze Estuary, the South Branch concerned in this study is divided into South Channel and North Channel by Changxing Island (Fig.1) . Two sampling sections (SA and SB) were set at river and marine end-members of South Channel, respectively. One more sampling section is set at the river end member of North Channel. Section SA is located downstream the mouth of the Huangpu River, and two largest outlets (Zhuyuan, Bailonggang) of wastewater from Shanghai City are close to two sections in South Channel.
In March 2006's navigation, 20 surface (0.5m under the surface）and 20 bottom (1m above the bottom) water samples were collected at 10 sites from three sections (SA 1∼3, SB 1∼5, N 1∼2) in the Yangtze Estuary (Fig.1) , at high tide and low tide respectively. Two more samples (H1 and H2) of surface water (0.5m under the surface ） in the Huangpu River were collected at about 30 km (upstream) and 2 km apart from its river mouth. The values of temperature, DO, pH and salinity were measured in the field by a multi-parameter Water Quality Analyzer (SensIon™ 156, Hach Co.). All N o rt h C h a n n el S o u t h C h a n n e l Y a n g tz e R iv e r C h o n g m in g I s la n d
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(2) Analysis
Dissolved organic carbon (DOC) is determined by TOC-VCPN (Shimazu, Co.), using combusting oxidation with a platinum catalyst in 680 o C. The absorption spectrum is analyzed on a UV-Visible spectrophotometer (Shimazu UV2450) by using Milli-Q water to make base line, scanning 750~250 nm by 1 nm in medium rate. Samples were put into 1cm quartz sample cell after stabilized at 20 o C; blank sample is Milli-Q water.
Three dimensional excitation emission matrixes (3-DEEM) were scanned by a Hitachi F-4500 fluorescence spectrophotometer. The equipment parameters are set as PMT voltage=700V; bandpass: Ex=5nm, Em=10nm; respond time=0.5s; scan rate= 12000nm/ min; spectrum auto-revise. Ex is from 220nm to 400nm by 2nm, while Em is from 250nm to 550nm by 3nm. Samples were put into 1cm quartz sample cell after stabilized at 20 o C; blank sample is Milli-Q water. The contour figures of 3D EEM were drawn using Surfer 8 (Golden Software, Inc.).
CDOM is an important but highly variable component of DOC pool. The UV absorbance (e.g. at 254nm or 355nm) is usually related to CDOM. Here the absorption coefficient at 355nm (α(355)) is selected as the index for CDOM abundance. Considering the differences between equipments, and the dispersion effect of the particles, revised absorption coefficient (α) 5) were used for expressing the UV-visible absorption:
where λ is the wavelength, r is the path length of the sample cell, which in this study is 0.01 m. Standard deviation is utilized to calculate the range of peak positions from 3DEEM. The average of the position is used as Standard Value (X 0 , Y 0 ). Standard deviations of X and Y are expressed as S X , S Y , respectively:
The peak position is expressed as (X 0 ±S X , Y 0 ±S Y ).
RESULTS AND DISCUSSION
(1) UV355 and DOC As shown in Fig.2 , the absorption coefficients of CDOM at Section N and SA is higher at low tide than at high tide. So did α(355) of surface water at Section SB, while α(355) of bottom water of Section SB is higher at high tide than at low tide. The concentrations of DOC at three sections are higher at low tide than at high tide (Fig.3) . Bottom water has higher concentrations of DOC than surface water at Section N and SA at low tide.
The salinity of these water samples, which ranged from 1.07 ‰ to 1.41 ‰ in South Channel and ranged from 0.85 ‰ to 1.38 ‰ in North Channel, suggested that the study area is a partially mixing zone of low salinity in the Yangtze Estuary. CDOM at the river end member of those two channels may mainly come from river runoff, while CDOM in the bottom water at the marine end member of South Channel may be influenced at some extent by the seawater intrusion.
The absorption coefficients of CDOM at 355 nm had significant correlations with the concentrations of DOC in both surface water (r = 0.817, p＝0.01, n=10) and bottom water (r = 0.860, p＝0.01, n=10) at high tide, while similar character is found only in bottom water at low tide(r = 0.611, p＝0.05, n=10).
It is shown in Fig.3 that the concentrations of DOC at three sections are higher in South Channel than in North Channel, which may be attributed to the influence of DOC inputs from Huangpu River, where average DOC value of H1 and H2 are 6.0mg/L and 6.4mg/L, respectively. Due to municipal wastewater inputs, DOC concentration in the Huangpu River are higher than those in the Yangtze River (Fig.3) . In Section SA and SB, the α(355) values of CDOM are reported to increase with the concentrations of DOC in those water samples. The correlation between CDOM and DOC could be disturbed by the estuarine mixing process between river and tidal inputs. It is suggested that CDOM might display a non-conservative behavior, and autochthonous production in the South Channel would be potential CDOM sources in the Yangtze Estuary.
(2) Fluorescence Character
The three-dimensional excitation emission matrix is used to identify the fluorophores of CDOM. Four fluorescence peaks are identified in this study as shown in Table1. According to some related research 8, 9, 10, 11) , peak A is identified as aromatic protein, peak B is terrestrial humic acid-like, peak C is tryptophan and protein-like, and peak D is also humic acid-like. These fractions dominated the components of CDOM in the Yangtze Estuary.
Typical fluorescence spectrums with 3-DEEM data of CDOM in the Yangtze estuary are shown in Fig.4 . The fluorescence peaks of aromatic protein (peak A) appeared at all of sampling sections, but the intensity are higher in South Channel than in North Channel. The fluorescence peaks of tryptophan and protein-like, which indicated autochthonous sources in correlation to terrestrial fluorescent material 13, 19) , are detected only in South Channel of this estuary. Much stronger signal of peak C is found in the Huangpu River as shown in Fig.5 . The high peak of tryptophan and protein-like suggests that the Huangpu River is largely effected by city sewage outputs and as a result, the runoff from Huangpu River could be an important source for tryptophan and protein-like in the Yangtze Estuary..
It is showed in Fig.4 that two fluorescence peaks of humic acid-like (peak B and D) are found at three sections. The peak B had higher fluorescence intensities than the peak D. In this study, peak D of marine source was found in only one sample (Ex 324nm/Em 439nm) from Section SB at high tide. So the humic acid-like in this estuary are derived from mainly terrestrial and autochthonous sources. The fluorophore intensity of humic acid-like is higher in bottom water than in surface water. Therefore, the increasing peak intensities of terrestrial humic acid-like in the head of saltwater wedge may be attributed to the mobilization of particulate organic matter(POM) in riverine suspended sediments during the processes of saltwater intrusion and sediment resuspension. Fluorescence index (FI, Fig.6 ) is calculated as the ratio of emission intensities at 450 and 500 nm, while Ex=370nm. McKnight et al. 12) reported that FI values of CDOM from autochthonous sources (~1.9) are higher than those from allochthonous sources (~1.4). In this study area, the FI values of CDOM at Section SA and N are more than 1.6, which indicated algae-derived 29) or bacterial CDOM. As shown in Fig.4 , bacterial protein-like had strong peak intensity at Section SA and SB. It is suggested that the water in South Channel is greatly influenced by the Huangpu River runoff and wastewater discharges from Shanghai city. The FI values of CDOM at Section SB, which ranged from 1.39 to 1.75 and are averaged at 1.55, are close to 1.4 and suggested mainly terrestrial sources. The concentrations of terrestrial CDOM from the Yangtze River runoff could be diluted by the tidal current, which could carry some CDOM of autochthonous sources (e.g. biologically derived) to the estuary, so the FI values in the estuarine mixing zone are usually higher at high tide than at low tide as shown in Fig.6. 
CONCLUSION
The absorption coefficients of CDOM at 355 nm had significant correlations with the concentrations of DOC at high tide and only in bottom water at low tide. Based on the fluorescence analysis, the chromophoric dissolved organic matter in the water of low salinity in the Yangtze estuary is characterized by humic acid-like, aromatic protein and tryptophan and protein-like, which are mainly terrestrial and autochthonous sources. The tryptophan and protein-like in the South Channel may be mainly derived from the microbial activities in the Huangpu River, which may be related to the bacterial-derived CDOM in the domestic wastewater discharges and algae-derived CDOM in the eutrophic river water. There is a little indication that some biological CDOM of marine sources may also appear in this estuary during the saltwater intrusion. On the other hand, with the saltwater intrusion and sediment resuspension, the mobilization of particulate organic matter in riverine suspended sediments may enhance the peak intensities of the terrestrial dissolved organic matter. Fluorescence excitation-emission matrix regional integration to quantify spectra for dissolved organic matter, Environmental Science ＆ Technology, Vol. 37, pp. 
